The presence of genetically modified plants, hereafter named the adventitious presence of unwanted transgenic plants (AP), is becoming common in modern crop production systems.
This reality has created concerns regarding possible gene flow through outcrossing between AP crops and their landrace and wild relatives This is especially important in a country such as Mexico, a center of diversity for maize, where the effects of AP maize outcrossing with traditional maize landraces and wild relatives such as tripsacum and teocinte are unknown
• Recently, different authors have reported contrasting results in terms of detecting AP maize in Mexico.
• Quist and Chapela (2001; 2002) were the first to report AP landraces collected in the Sierra Juarez region of the Mexican State of Oaxaca; they specifically identified genes from Bacillus thuringiensis (Bt), a soil bacterium used to create maize that is resistant to some insects.
• In contrast, four years later, Ortiz-García et al. (2005a; 2005b) sampled maize landraces in the same region of Oaxaca State and failed to detect AP.
When testing for AP, two distinct activities should be emphasized (1) The first is determining the optimal sample size (n) and sampling strategy to be used when taking seeds at random from a seed lot (farmer's field) (2 ) the second is determining the sample preparation and testing method to be used in the laboratory. The sensitivity of the analyses and specificity of the tests are important factors that may affect the rates of false negative and false positive results.
Errors and risks
All quality laboratory methods produce results with false positives and false negatives rates False positive δ=probability of falsely detecting a seed with impurity and False negatives λ=probability of failing to detect seed with impurity.
These two types of errors, which commonly occur in any testing plan, can be integrated in an overall consumer and producer risk assessment. Proposed testing plans can integrate a given lower quality limit (LQL) for the consumer risk and acceptable quality limit (AQL) for the producer risks.
Laboratory tests
• Because laboratory tests are expensive, it is not feasible to analyze all n individual seeds collected from a lot. There are several testing plans for reducing the number of samples to be analyzed.
• One plan consists of testing pooled seed samples.
• The group testing method of Dorfman (1943) is effective for reducing the number of laboratory analyses and can result in up to 80% savings in the number of laboratory analyses.
• This method consists of dividing n individual samples (e.g., seeds) into g groups (or pools), each of size k. If a group tests positive, then at least one individual in the pool is positive; the author gives an approximate solution for the optimal value of k.
• A formula for determining the sample size (n) required for detecting AP can be derived from the Dorfman method
• Assume a population of size N in which a fraction p has AP [say type (+)]. We consider the problem of determining the optimum values of n and k such that the probability of detecting at least one individual with AP is greater than (1-α) (for a given small α).
• For sample size n and group size k, g=n/k pools can be formed. If X is the number of + individuals in a pool, then P(X=j) (j=1, 2, …, k) follows a binomial distribution X~ .
• The probability that a group is (+) is one minus the probability that k randomly selected individuals are negative Dorfman method
The probability of a pool testing negative (-) is Because there are g=n/k pools, the probability of detecting only (-) groups, given that the proportion of (+) individuals in the population is p, is
• If a small probability, α, of detecting only individuals is required, given that there is a proportion p of (+) individuals in the population, then previous equation can be written as
• It should be pointed out that the Dorfman model was not developed with the objective of determining the sample size n but rather for determining the required number of pools, g, and the size of the pools, k, that will minimize the number of laboratory tests, T.
Expected number of laboratory tests (T)
and expected relative cost • Under these premises, the expected value of T is a function of the number of pools ( ), plus the number of individuals in the positive pools that need to be analyzed • Therefore, the ratio between the expected number of laboratory tests required (T) and the required sample size (n) for each lab method is a measure of its expected relative cost
• However, Dorfman's model assumes that when k individuals in a pool are mixed, AP concentration is not diluted. Therefore, under these assumptions, the value of n that satisfies the previous equation can be obtained as
• This analysis would suggest a single group; however, in practice AP cannot always be detected when the proportion of AP seeds in the group is very small because the analytical methods used may not be sensitive enough.
• Previous equation does not give any guidelines as to how the concentration of the trait of interest (AP) (impurity) in individual seeds (w) could affect the pool size k, or how the dilution effect could make AP undetectable by standard analytical procedures in the laboratory (c).
Objetives of this research
To propose probabilistic models for determining the required sample size, n, number of pools, g, size of the pool, k, that will detect individuals containing AP with a probability ≥ (1-α) (for small α)
The proposed models were developed within the framework of the Dorfman model, but considering:
(1) the dilution effect when forming groups (pools) of seed to be tested, (2) the detection limit of the laboratory test (c), (3) the different rates of false positives and false negatives, and (4) the assessment of consumer and producer risks.
The probability distributions used in this study were binomial and negative binomial distributions for
Binomial sampling with the dilution effect
• When k individuals that form a pool are mixed or homogenized, the AP will be diluted; this dilution effect increases with the size of the pool and may decrease the AP concentration in the pool below the test's detection limit (c), thereby increasing the number of false negatives (i.e., seed(s) with AP is not detected when in fact it is present in the group).
• We assume a reference population of size N, with a proportion p of individuals with AP [type (+)]. We also assume that the concentration of AP per individual, w, is known (i.e., transgenic DNA as % of the total DNA in the seed).
• When g pools are formed from a total of n individuals, the AP concentration in a single (+) individual in a pool is reduced to wg/n=w/k. • If c is the laboratory detection limit, it is required that (w/k)≥c
• The question is: what is the required sample size n and pool size k such that the probability of detecting individuals of type (+) in the population is equal to or greater than (1-α)? • Variable X = number of (+) individuals in the pool of size k (X=0,1,2,…,k) is a binomial variable with parameters k and p, that is, X~ . Hence, the probability that a group will be detected (+) is
To compute more precise probability values and avoid rounding errors when calculating ck/w we will use the relationship between the binomial and beta distributions
For the detection of AP, two types of errors rates are important. One is the proportion of false positives, , which is the probability that one individual (or group) is detected as (+) even though it is (-) (1-is the test specificity);
The other is the rate of false negatives, which is the probability of an individual or pool testing (-) even though it is (+) (1-is the test sensitivity)
In the previous equations the probabilities of false positives and false negative and the test of specificity and the test of sensitivity are introduced
The strategy for minimizing the number of laboratory tests is to find, for a given n, a value of k between 1 and min(n, ) that satisfies the previous equations with the minimum relative cost.
Negative binomial sampling with the dilution effect considering false positives and false negatives • Haldane (1945) proposed the inverse sampling method (or negative binomial sampling or inverse binomial sampling) for cases where p is small (i.e., p≤ 0.1). In this method, sampling continues until m individuals with AP are obtained.
• The inverse sampling method suggested by Haldane (1945) is more precise than binomial sampling because when m>1, the coefficient of variation of p decreases.
Testing seed plans with the dilution effect considering false positives, false negatives, lower quality limit (LQL), and a given acceptable quality limit (AQL)
• The AP testing plan previously outlined has the aim of computing the required sample size (n), pool size (k), and number of pools (g) to guarantee, with probability ≥(1-α), that at least one AP plant (or AP pool) will be in the sample. • These types of testing plans have zero tolerance because they focus only on the limiting quality level (LQL=p) (consumer risks) and do not consider the acceptable quality level (AQL) (i.e., AQL=0), which refers to different seed production levels under normal conditions (producer risks)
Results
The binomial sampling method with the dilution effect with λ=0 (false negatives), δ=0 (false positives) and the dilution effect (c=0.0001)   -----------------------------------------------------------------------------(1-α)=95% ----------------------------------------------------------------------------------Figure 1 . Optimum group size (k) and sample size (n) for different values of p under the binomial distribution with the dilution effect for c=0. 0001, λ=0, δ=0, w=0.01, and (1-α=0.95 Proportion of AP in the population (p) g=80, k=40, w=0.014 g=54, k=60, w=0.014 g=40, k=80, w=0.014 g=32, k=100, w=0.014 AQL=0.005 LQL=0.010
Figure 3. Operating characteristic curves for four different seed lot testing plans (with n=3200, m=8, λ=0, δ=0, c=0.0001 and w= 0.014) with consumer risk LQL= 1.0% and producer risk AQL=0.5%.
Best testing plan is when g=40 and k=80 because it represents the lowest consumer (7.59 %) and producer (7.64%) risks
Ideal plan Left curve close to 1 Right curve close to 0
RESULTS
Testing seed plans with the dilution effect, false positives, false negatives, lower quality limit (LQL), and an acceptable quality limit (AQL) Proportion of AP in the population (p) n=1820, k=15, c=0.00010 n=1820, k=15, c=0.00012 n=1820, k=15, c=0.00014 Standar, n=1820, k=15 LQL=0.011 AQL=0.004 Best plan
Conclusions
The method offers a strategy for forming groups (pools) from the sample that will be subjected to laboratory tests, and for determining an optimal number of pools that guarantees that if there is at least one group with AP, there is a high probability that it will be detected. The groups formed have an optimum size such that one element with AP will be detected at a low cost.
The binomial distribution should be used (modified Dorfman method) when it is known that the proportion of AP in the population is large, p>0.1; otherwise, the inverse sampling method is recommended because it guarantees that m individuals or pools of individuals with AP will be detected with high probability.
A MatLab program is available for calculating the ideal sample size, number of pools (g) and size of the pools (k) to detect AP with probability (1-α)
Conclusion
• Possible disadvantages of the method it does not provide a closed solution for sample size, pool size, and total cost the value of w may be difficult to obtain (but an average value given by the % DNA per grain may be used); in the case of genetically modified plants, the weight of the enzyme or other protein formed by that specific DNA sequence may be estimated as a proportion of the total weight of the grain or as a % of DNA.
